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PRELIMINARY WARNING CRITERIA FOR THE 


SOLAR PARTICLE ALERT NETWORK 

By Manuel D. Lopez , Anna Lou Bragg, and’ Jerry L. Modisette 


INTRODUCTION 


The Solar Particle Alert Network (SPAN) is Being developed to pro- 
vide the Apollo program with warnings of Impending solar flare particle 
events, including estimates of their severity, so that action can he taken 
to reduce the radiation dose received by the astronauts. SPAN consists 
of a network of solar radio and optical telescopes located at ter- 

minals of the Apollo world-wide communications and tracking network. The 
telescopes are designed to observe phenomena associated with acceleration 
of energetic solar particles. By operating 24 hours a day and being in- 
tegrated with the Apollo Mission Control Center, information on these 
phenomena can be rapidly transmitted to the flight director. 

The objective of the warning criteria is to provide the means for 
interpreting SPAN observations. The criteria should incorporate RF and 
data to determine if a particle event has occurred on the sun, if the 

particles mil reach the earth, and what the particle flux will be. The 
analysis to develop the criteria was begun with certain preconceived 
ideas, which are -summarized as follows: 

1. Type IV y (micro-wave) RF bursts are a result of synchrotron 
emission from electrons accelerated at the same time as the ions com- 
prising a solar flare particle event. 

2. Although type IV y RF bursts are a positive indication of the 
acceleration of solar flare particles, the particles may not reach the 
earth either because of local trapping or because of the interplanetary 
magnetic field configuration. 

3. The transport and/or trapping of solar particles is determined 
by solar surface activity, either during or for a few days preceding the 
acceleration of particles, for example, the transport of particles from 
the sun to the earth is governed by the coronal and interplanetary mag- 
netic fields, which in turn are carried out from the solar surface by 
the solar wind. 
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With the above ideas in mind, the approach toward development of a 
warning criteria has "been to use RF data to determine if and how many 
particles are accelerated at the sun, and then to use optical criteria 
to aid in determining whether the particles will reach the earth. Ac- 
cordingly, the two criteria are discussed separately. 


WARNING CRITERIA BASED ON RF TYPE IF p BURSTS 


The type IV y RF bursts are considered to be synchrotron emission 
from electrons accelerated at the same time as the solar flare particles 
(ref. 1). Since the same process can account for the acceleration of 
both positive and negative particles, a quantitative correlation between 
the synchrotron radiation intensity and the number of positive particles 
eventually arriving at the earth would be expected. However, because of 
the other independent parameters affecting the escape and transport of 
the particles to the earth, such a correlation would have considerable 
scatter. 

Several studies have been made of the particle flux-RF intensity 
correlations, including Webber (ref. 2), Fletcher et al (ref. 3 ), and 
Shlanta (ref. ^). Webber’s correlation of 10 000 Mc/sec burst inten- 
sity with particle flux greater than 10 MeV is reproduced as fig. 1. 
Fletcher and Shlanta used a stepped criteria rather than the continuous 
rank correlation used by Webber, with similar results over a range of 
frequencies. 

In this investigation a rank correlation is made in the frequency 
range covered by the SPAN telescopes (1^20, 2695, and ^995 Mc/sec). It 
was pointed out by Fletcher and Shlanta that it is important to use orig- 
inal records rather than working with the onset time, duration, and peak 
flux data usually given in solar data compilations such as the IAU quar- 
terly. This was verified by our own early attempts to correlate inte- 
grated RF intensities obtained by multiplying the peak flux by the 
duration. Therefore, Arthur E. Covington of the Ottawa Observatory of 
the Canadian National Research Council, and Dr. Haruo Tanaka of the 
University of Nagoya were approached regarding the use of their original 
records, to which they kindly consented. 

An extensive event -by- event analysis was performed on the Ottawa 
data at 2800 Mc/sec. The 2800 Mc/sec data was initially surveyed to ob- 

tain all bursts having an integrated intensity of more than 10 joules 
—2 —1 

- m - (c/s) as determined by multiplication of peak flux by duration. 
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There were over 200 such hursts. The first problem was to determine 
which of these hursts were probably, associated with the acceleration of 
solar flare particles. In a compilation by Jonah, Prince, and Hedeman 
(ref. 5) of solar and terrestrial phenomena, various observers recorded 
a total of 38 PCA events having onset times such that Ottawa could have 
observed an associated RF burst. Thirty-five of these events had asso- 
ciated RF bursts which were observed by Ottawa and one (November 20, i960) 
was eliminated for reasons to be stated later. Of the two particle events 
with no associated RF bursts, one (August 29, 1959) had its associated 
flare lj hours before sunrise at Ottawa, the other (November 4, 1957) 
was a small event with no logical RF or flare association. All of the 
35 RF bursts with associated particle events had integrated RF inten- 
—IT -2 

sities of at least 10 joules - m” - (c/s)" . It was, therefore, 
assumed that RF bursts having less energy either were not associated 
with particle acceleration, or that there were so few particles as to 
elude detection even if they reached the earth. These smaller bursts 
were dismissed from further consideration. 


There remained a total of 85 bursts at 2800 Mc/sec intensities 

greater than 10 ^ joules - m”^ - (c/s) - ^. The energies of these RF 
emissions were redetermined by integrating the int ensity- time- curve s . 
Table 1 is a list of these bursts, along with data on the associated 
solar flare particle events where such associations were found. 

Using this simple criteria of a minimum integrated burst energy of 

10 joules - m ^ - (c/s) ^ there is a false alarm rate of 2.k bursts 
per particle event, with one particle event out of 38 missed. 

In order to obtain criteria for solar particle event sizes, the 
correlation of integrated RF burst energy with integrated particle flux 
was investigated. The PCA events were investigated in detail to ascer- 
tain the confidence -to be placed in each PCA event-RF burst association. 

As a result it was decided that the burst recorded on November 20, 
i960, was probably not the burst associated with the particle event ob- 
served on the following date. The burst occurred from 2023 to 2105 UT. 
Sunset for Ottawa was at 2130 UT. At 2126, a second flare was observed, 
reaching a maximum at 2258 UT. Since the onset of particles was at 
0200 UT November 21, either flare could have accounted for the event. 
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The importance of flare as given by various observatories are listed 
below: 



Flare onset 

Imp. 

Sec. flare onset 

Imp. 

2 

McMath-Hulb er t 

2017 

1 

2126 

Sac peak 



2126 

2 

Climax 

1955 

3 

2117 

3 

Honolulu 



2132 

1 

Lockheed 

2017 

1 

2114 

1 

The November 20, 

, i960 burst 

was omitted 

from the flux- intensity 


correlations, but was included as a false alarm in subsequent analyses. 

The August 31, 1956 event was eliminated from the flux- intensity corre- 
lation because the recorder went off scale during most of the burst and 
no reliable estimate of the integrated intensity could be made. 

The five events in table 1 for which sunrise or sunset appears were 
eliminated from the flux density correlations because these events began 
well before sunrise or ended well after sunset. No accurate determination 
of the burst’s peak intensity could be made. These bursts were not coun- 
ted as false alarms. 

Twenty-eight events remain for which adequate RF data were available. 
Two of these events, the May 4, i960 and July 12, 1961 events were con- 
sidered adequate for the analysis >even though the RF emissions began be- 
fore Ottawa’s observing period. The IAU quarterly shows that maximums 
at other frequencies were reached at 1033 UT (9400 Mc/sec) and 1042 UT 
(1500 Mc/sec) for the May 4 event while maximums were reached at 1029 UT 
(9100 Mc/sec) and 1042 UT (1500 Mc/sec) for the July 12 event. It is 
believed that the Ottawa data recorded the major portion of each burst 
and, therefore, were included in the analysis. 

Fifteen of the twenty-eight bursts could be associated with Webber's 
particle data (ref. 2). These bursts and corresponding PCA events form 
the core of the Ottawa EF energy-particle flux correlation. Table II 
lists these events along with pertinent optical information. Also in- 
cluded in table II are four events for which rough estimates of particle 
event sizes were made from Bailey’s forward scatter data reported in 
reference 6 by Modi sett e, Vinson, and Hardy, and one event calculated 
from data in reference 7- Ten MeV integrated particle fluxes had been 
estimated by multiplication of peak flux intensity and duration. An ex- 
trapolation from 10 MeV to 30 MeV was made assuming the average rigidity 
fit for a model particle event. - 

Figure 2 shows the particle flux-RF energy correlation for Webber's 
data alone while figure 3 shows for comparison the combination of Webber 
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and estimated 30 MeV particle fluxes from forward scatter. It was de- 
cided that the various extrapolations in getting the forward scatter data 
into the same form as Webber's data had introduced errors in the event 
size estimates, so that only Webber's 15 events were used for subsequent 
analyses. It can be seen from figure 2 that a fair amount of scatter 
remains. It was felt that much of the scatter could be attributed to 
variations in the background RF radiation. In an attempt to treat this 
problem, correlations were made using the integrated RF intensity above 
a fixed level for all events and with integrated intensity above 0.1 
and 0.2 of the peak. Figure 4 shows a RF burst at 2800 Me/ sec with 
the various baselines drawn in. Figure 5j 6, 7? respectively, are 
the correlations for integrated intensities above a fixed level of 
—22 —2 * 1 

50 X 10 watts -m - (c/s) over the quiet sun, and 10 percent and 
and 20 percent of the peak RF flux intensity. Reduction in scatter is not 
so obvious from the figures, but the correlation coefficients reflect the 
improvement. The best correlation is obtained using 0.2 times the peak 
intensity as a base line although the difference between the correlation 
and that using a base line of 0.1 times the peak is not statistically sig- 
nificant . 

A number of other correlations were investigated using Webber's 
particle event data, including peak intensity (fig. 8), duration of burst 
(fig. 9)5 and integrated intensity divided by duration (fig. 10). All of 
these parameters show significant correlations with the integrated par- 
ticle flux, but none are as good as the integrated burst intensities. 

The results of the anally sis on the 2800 Me/ sec data show- that the 
integrated intensity of RF type IV p burst above a suitable baseline is 
useful as .an indicator of the integrated particle flux during a solar 
flare particle event. It remains for further analysis and additional 
data to reduce the false alarm rate. 

The Nagoya data were checked to ascertain if an equivalent corre- 
lation existed for 3750 Mc/sec. There are no known particle events 
missed by Nagoya. Table III lists the PGA events and RF bursts consid- 
ered. The 'particle events for which an associated RF burst occurred 
during sunrise or sunset were eliminated from the correlation. Using the 
integrated intensity above 0.1 times the peak value, the correlation 
shown in figure 11 is obtained. Considerably more scatter exists for the 
3750 Mc/sec correlation than for the 2800 Mc/sec correlation. It is not 
known at this time whether this scatter is real. 

It should be pointed out that the analysis' of the Ottawa data leans 
rather heavily on the initial assumption that there exists a relation- 
ship between the acceleration of particles and the RF bursts. Therefore, 
considerably more freedom was exercised in the elimination of data to 
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reduce scatter than would have "been reasonable had the object been to 
establish the existence of a relationship. 


OPTICAL CRITERIA 


Introduction 

The discussion of the optical criteria really concerns a combined 
criteria, since the objective of the optical criteria is to improve the 
RF predictions. There is also some additional development of the RE 
analysis in this section. The philosophy outlined in the introduction 
leads to the idea that the optical criteria should introduce factors 
governing the transport of particles from the sun to the earth. It is 
generally agreed that the coronal and interplanetary magnetic field con- 
figuration, together with the boundary condition of the location of the 
origin of the particles, determine where the particles go and in what 
numbers. The origin of the particles is determined by the location of 
the associated flare. Since the equations of magnetohydrodynamics ar e 
reasonably well established, one might think that spectroscopically 
determined values of the bulk properties of the base of the corona would 
allow the calculation of the characteristics of the interplanetary medium. 
Such an approach has had only limited success thus far, for example, no 
analysis has included the effects of magnetic forces or solar rotation on 
the solar wind, and there remains some question as to the energy source 
of the solar wind. For this reason a discussion of the physical rea- 
soning behind the selection of certain optical parameters for detailed 
analysis must proceed with a certain amount of "hand- waving . 11 However, 
the physical reasoning is very important, because the abundance of para- 
meters and the sparseness of data points makes it relatively easy for a 
glib statistician to find a plausible set of correlations based on 
fortuitous circumstances. 

There are, of course, several things that can be said with assurance 
about the processes governing the transport of charged particles from the 
sun to the earth. The spiral interplanetary field may be regarded as 
well "established, although a detailed understanding of' the occurrence of 
irregularities is lacking. It may be further stated with some assurance 
that this spiral field will make it easier for the particles to arrive at 
the earth from the west limb of the sun, and indeed, data on the distri- 
bution in longitude of particle-producing flares confirm this prediction 
(figs. 12 and 13). 

It is apparent, however, that properties of the interplanetary mag- 
netic field other than its spiral configuration influence the transport 
of solar flare particles, since there are many events, including some 
large ones, originating on the east limb. Somehow, the particles are 
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crossing the field lines. Since the collision frequency of the particles 
is so low that we would normally expect the "frozen in flux" assumption 
to hold, we are led to the conclusion that the particles are scattering 
from magnetic irregularities. Therefore, we -are interested in observable 
parameters related to the distribution of these- scattering -centers. 

There are small-scale irregularities in the interplanetary field 
when it is carried past the earth. Since the field is frozen into the 
plasma, and since the solar wind undergoes a large radial expansion in 
leaving the corona (much larger than the lateral expansion) one would 
expect these irregularities to be larger close to. the sun, that is, if we 
moved an element of the solar wind back towards the sun, the radial com- 
pression would amplify the transverse component of the field. The picture 
is complicated by our ignorance of the level in the corona at which these 
irregularities are generated and' of the distribution of solar wind veloc- 
ity with radial distance. In general, however, we may say that anything 
that slows the solar wind should increase the concentration of scattering 
centers. 

In reference 8, James reports the results of solar radar studies 
which appear to show a slowing down of the solar wind above large active 
centers. This is a rather unexpected result, since the solar wind under- 
goes a large acceleration between the sun and the earth, and one would 
not expect a slowing down in between. It is possible to devise magnetic 
forces which could produce this result, since if the transverse component 
of the field falls off more slowly than l/r, the net force will be direc- 
ted inward. The idea that magnetic forces may be important introduces 
the plages as important observable features, since the plage marks the 
extent of strong solar fields. The plage also appears to be an important - 
indicator of an active or potentially active solar region. Another fac- 
tor that may make plages important is that once the region of slowing 
down (0.5 - 1.0 radii above the photosphere) is passed, the generally 
stronger magnetic and particle pressures above a plage may -cause it to 
expand laterally at the expense of surrounding regions, facilitating the 
spread in longitude of particles from the region of the plage even if 
they stay on their field lines. 

Other features of the sun indicating magnetic activity include the 
sunspots and their magnetic classification. An optical criteria should 
include the flare importance, since the correlation with particle event 
size is well established. The flare importance is probably somewhat 
redundant to the RF intensity, being a measure of the number of particles 
accelerated, but one might also argue that a large flare would spread its 
particles over a larger area in the chromosphere, giving them a head 
start towards a wide spread in longitude. 
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PARAMETERS SELECTED 


It is desirable to limit the number of parameters studied, both to 
avoid statistical difficulties and to allow the investigators to assess 
the data more critically. On the basis of the above considerations, 
longitude, plage area, plage brightness, flare importance, sunspot area, 
sunspot magnetic classification, sunspot Zurich type, and plage clus- 
tering were selected for study. This data was obtained from several 
sources (refs. 5 , 9 , 10 , and 11 ) for three sets of data: the k-2 particle 

events given by Webber, and the RF bursts from Ottawa and Nagoya. It was 
also decided to investigate the variation of false alarm rate with event 
size for the RE data to check out the effect reported by Fletcher et. al 
(ref. 3 ). 

After a preliminary examination of the data, it was decided to omit 
Zurich type and magnetic classification of the sunspots from further con- 
sideration. Although the particle events consistently showed E, F, or H 
type sunspots and y or py magnetic classifications, the trends with 
event size were much less apparent than for the other parameters, and the 
RF studies reported below indicate the importance of variations of event 
size. Clustering of plages may be as important as a large plage. Proper 
consideration of this effect would require careful definition of 
clustering , but it is intended to investigate this parameter more 
thoroughly in the future. 


LONGITUDE EFFECT 


A dependence of the production of solar flare particle events upon 
heliographic longitude has been recognized for some time, and is consist- 
ent with our present understanding of the interplanetary magnetic field. 
Figures 12 and 13 show the distribution in longitude of the flares pro- 
ducing particle events for several compilations of data. All show a pre- 
ponderance of west limb events. An obvious use of this effect would be 
to reduce the false alarm rate for west limb events, and to increase the 
false alarm rate for east limb events. The operational significance of 
this effect would be to permit a more careful assessment of the confi- 
dence levels to be placed on the individual SPAN warnings. The overall 
false alarm rate is not changed by this effect. 

In accordance with our idea of spreading in longitude due to dif- 
fusion or scattering of particles, the source of the particles is of 
obvious importance. The particle flux should be a function of the separa- 
tion in longitude of the flare and the field line connecting the earth to 
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the sun. The form of the function probably varies, however. In partic- 
ular, one might expect a difference between events predominantly of a 
diffusive nature and events for which the particles come directly down 
the field lines. To look for the difference, one must first determine 
which events fall into each category. The best parameter to differen- 
tiate these events that is available for a large number of events is 
probably the delay time, between flare or RF maximum and particle onset. 
In figures l4 to 17 the- events are divided into groups having delay times 
greater and less than 1, 2, 3 5 and 4 hours. It is apparent that the 
longitudinal asymmetry comes from the events with short delay times. 

This analysis is based on data which would not be available for warning 
criteria, so that it is necessary to relate diffusive and 11 straight -on" 
events by some observable feature of the sun. An attempt to correlate 
plage area with delay time resulted in a large amount of scatter. The 
further exploitation of the longitude effect will be the subject of 
future development of the warning criteria. 


PLAGE EFFECTS 


From the tabulated data, the effect of plage area is apparent . 

Plage brightness is somewhat less apparent, although the trend of brighter 
plages with larger events can be seen. The scatter indicates that a com- 
bination of plage parameters with other effects will be necessary, and 
that correlations obtained from analyzing the plage data alone would have 
very low confidence levels. 


PF CRITERIA ALONE 


The Ottawa RF false alarm rates for various event sizes were deter- 
mined from the least square fit of figure 6. The table below shows the 
RF energy thresholds for prediction of the various event sizes. 

RF energy Predicted event size 

>1000 X 10 j/m^-cps >10^ 

>270 > 10 8 

>78 >10 7 

>22 >10 6 

> 10 5 


>10 
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Using the above thresholds and data from table l“ false alarm rates were ‘ 
.determined. 

The following are comments about the makeup of the false alarm table. 

The number of actual events in the 10^ and larger columns consider only 
Webber particle fluxes. Events for which no estimates of particle fluxes 

R 

are given were included in the 10 x column. Particle events with associ- 
ated bursts occurring during sunset or sunrise were also included in the 
5 

10 column. The two events for which no RE was detected were not in- 
cluded in the false alarm table. 

The following table gives information on false alarms for 2800 Mc/sec 
using least square fit RF thresholds: 


Event size 

>10 5 

>10 6 

>10 7 

>io 8 

>10 9 

RF bursts 

85 

52 

19 

5 

0 

Actual events 

35 

13 

6 

3 

1 

False alarm rate 

2.4/1 

V 1 

3.2/1 

1.7/1 

? 


A decrease in false alarms is indicated as the burst size increases. 
This may be a real effect even though the number of large bursts on which 
to base this is rather small. 

Many of the events in the previous discussion were -underestimated. 


Hence an RF -particle flux criteria was developed from an envelope curve 
(fig. l8) parallel to the least square fit in figure 6. Wo events were 


underestimated with this 

curve . 

The following false alarm 

table resulted 

Event size 

>10 5 

>10 6 

>10 7 

>io 8 

>10 9 

RF bursts 

85 

85 

31 

10 

4 

Actual events 

35 

13 

6 

3 

1 

False alarm rate 

2.4/1 

6.5/1 

5/1 

3-3/1 

4/1 


The decrease in false alarm rate with larger events is no longer 
obvious, in view of large number of bursts corresponding to >10^ parti - 

o 

cles. However, if we note that one of the >10 events is listed by 

8 8 

Webber as 9,6 x 10 , and another as 9*1 X 10 , it appears that there may 
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be something to the effect. All the above discussion is based on the 
Ottawa data. For the Nagoya data, using the envelope line (fig. 19), the 
results are as follows: 


Event size 

>10 5 

>10 6 

>10^ 

>io 8 

>10 9 

RF burst 

87 

80 

37 

16 

10 

Actual events 

25 

15 

11 

6 

3 

False alarm rate 

3.5/1 

5.2/1 

3. ^ A 

2.7/1 

3.3/1 

Again, there are 

Q 

some 10 

events that 

are almost 

10 9 , 

pointing out 


a disadvantage of this stepwise criteria. 

It is of some interest at this point to comment on the -envelope lines 
for the RF data. Although the least- square fits of the Nagoya and Ottawa 
data are quite different, the envelope lines are almost the same. This 
supports the idea that the RF burst is an absolute measure of the number 
of particles accelerated, while various other factors reduce the number 
of particles eventually reaching the earth. 


COMBINED CRITERIA 


Using the k -2 events for which Webber gives size estimates, and the 
Ottawa and Nagoya RF data, - it is possible to determine minimum values of 
the RF flux- (from envelope). Plage area. Plage brightness. Flare impor- 
tance, and Sunspot area associated with each decade of event size. These 


values 

are tabulated below: 





Event 

size 

375° Me/ sec 
RF burst 

2800 Me/ sec 
RF burst 

Plage 

area 

Plage 

brightness 

Flare 

importance 

Sunspot 

area 

>10 9 

270 

500 

8000 

3 

3 

1400 

>10 8 

76 

iko 

5000 

3 

3 

550 

>10 7 

21 

38 

if-000 

3 

2+ 

500 

>io 6 

10 

10 

3000- 

2.5 

1(3E) 

_ 

>10 5 

10 

10 

2000 

2.5 

1 




12 


6 

The (3E) under flare importance for >10 indicates that a flare must he 
at least of importance 3 on the east limb. 

Using the combined criteria on the Ottawa KF bursts, and the optical 
parameters given in table VII, we, obtain the following results: 


Event size 

>10 5 

>io 6 

>10 T 

>io 8 

>10 9 

Predicted 

68 

43 

16 

7. 

2 

Actual 

35 

13 

6 

3 

1 

False alarm rate 

l-95/i 

3.5/1 

.2.7/1 2.3/1 

2/1 

Again, the 10 9 false alarm was a 
were 5 X 10 7 and 7 x 1° T events. 

9.1 x 10 8 

event 

g 

and two 10 

false alarms 

Using the Nagoya data, table VI, and the combined criteria we obtain 
the following results: 

Event size 

>10 5 

>10 6 

>10 T 

>io 8 

>10 9 

Predicted 

54 

ko 

20 

7 

h 

Actual 

25 

15 

9 

6 

3 

False alarm rate 

2.2/1 

2.7/1 

2.2/1 

1.2/1 

1.3/1 

o 

In this case the >10^ false 

alarm was 

a 7.2 

8 

X 10 event 

and the 


10 8 false alarm was a 7*2 X 10 T event. The combined criteria has re- 
duced the Nagoya KF false alarms considerably. It is encouraging that 
with the combined KF and optical criteria that the false alarm rates for 
Ottawa and Nagoya are approximately equal. 


CONCLUSION 


It has been shown in this paper that there is a relationship between 
solar u KF burst energies and integrated solar flare particle 
Definite correlations between 2800 Me/sec KF bursts and integrated flux 
greater than 30 MeV exists while 3750 Me/ sec shows a weaker dependence. 
Since an envelope curve was found to fit both Ottawa and Nagoya data, it 
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was argued that a number of independent factors influence the total num- 
ber of particles arriving at the earth. However, the same envelope curve 
was shown to fit both the Nagoya and the Ottawa data, supporting the in- 
terpretation that the KF burst integrated intensity in a direct measure 
of the acceleration of particles, with other factors determining the 
transport of the particles to the earth. 

Q 

Particle events greater than 10 are of most concern to the Apollo 
mission. Hence with an Ottawa EF criteria (detection of a burst with 

— 18 —2 

energy greater than 1^0 X 10 joules - m - cps) signaling the occur- 

O 

rence of a PC A and predicting a particle flux >10° will have a false 
alarm rate of 3-3 to 1, when observable optical parameters are included 
in the criteria the false alarm rate drops to 2.3 to 1. The Nagoya EF 

o 

criteria has a 2.7 to 1 false alarm rate for prediction of >10 particles 
events and a 1.2 to 1 false alarm rate for the combined optical and EF 
criteria. 

The longitude effect has only been considered in a limited sense in 
developing the optical criteria and has not been investigated in any de- 
tail. It -has been shown that events with onset <3 hours may be consid- 
ered as direct events with a western longitudinal predominance, and those 
events >3 hours as diffusive events with no longitudinal dependence. 
Knowledge of particle events being either diffusive or direct would aid 
in eliminating false alarms on eastern longitudes plus give an indica- 
tion of the probable time of particle onset. 

The warning criteria .based on combined EF and optical data show 
substantial decreases in the false alarm rates over the EF criteria alone. 
The remaining false alarms are largely due to the constraint imposed on 
the criteria that no events should be underestimated, and to the use of 
stepped criteria. This result shows that the next step in the warning 
criteria development is to apply multiparameter correlation analysis to 
the parameters shown to be important, to obtain continuous functions 
which estimate the average event size for a given set of conditions, 
rather than the maximum as was done in the current analysis. The result- 
ing criteria will be more amenable to confidence analysis, and to extra- 
polation to larger events. 
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TABLE X.- COMPILATION OF OTTAWA (2800 Mc/3ec) RF BURST PARAMETERS AND ASSOCIATED 
SOLAR AND TERRESTIAL PHENOMENA FOR THE PERIOD 1955 TO 1961 


1 

RF burst, 
UT 

RF peak 
intensity, 
10" 22 w/m 2 -cps 

RF burst 
energy above 
10 percent of peak, 
10" l8 j/m 2 -cps 

Particle 
onset time, 
UT 

PCA 

observers 

(a) 

Particle 
event size, 
P > 30 MeV 

Flare- 

Location 

Imp. 

Start, 

UT 

Max. , 
UT 


Max. 

June 18, 1955 


1908 

1 575 

43 





3 

1905 

1910 


1906 

1922 

309 

30 




No data 


1757 

1813 

650 

60 




N20 EOS 

2+ 

1805 


Feb. 19, 1956 

1427 

BUSH 

650 

29 




H25 W23 

1+ 

1430 

H22S 

Mar. 13, 1956 

1452 

1454 

850 

UMBMI 




N21 E50 

2 

1453 


Mar. 15, 1956 


E£jj3H 

1 500 

H 




N22 E21 

2+ 

1625 

BO 

iraoEsa 

1938 

1939 

340 

12 




No data 

Aug. 31, 1956 

1231 


■ESilf 

>61 

1430 

B 

IA*!1W 

Nl6 El6 

3 

1226 

■md 

Sep. 17, 1956 

1940 

1947 

ism 





S20 W17 

2+ 

1942 



1433 

l44o 

180 

13 





KB 

1430 


Dee. 26, 1956 

1403 

1454 , 

915 

132 




S17 Wll 

mm 

l401 

1412 

MiH-liWrl 

mszm 

1827 

585 

42 




Nl6 W53 

1- 

1822 



1855 

1900 

525 

12 





mm 

1850 

H^EI 

Apr. 14, 1957 

1700 

1915 

37 

40 

n 

HI 



1 

1708 



1043 

1050 

1 650 

87 

■ 


■ 

N30 E85 

3 

1040 

msm 


2006 


6 000 

546 




BEE3E3BB 

m 

2000 

ll-UM 


1042 

1051 

290 

17 




sis wis 

3 

io4o 

mm 

June 19, 1957 

1608 

1610 

2 325 

34 


B 


N20 E45 

2 

1609 

1613 ___ 

IZ3ZSEE131 

2019 


300 

12 




No logical flare association 




350 

23 




S53 W28 | 1+- | 1742 | 1804 


1735 

1750 

145 

14 




No logical flare association 


1759 

1838 

1 100 

94 

2015 

L,K 


S24 W27 

3 

1801 



i4oo 

1815 

25 

22 




S35 EO^t- 

1 

1352 

HEEB' 


1304 

1517 

40 

27 

1600 

B 

1.5 xio 6 


M 

1330 

IBS 


2017 

2019 

760 

10 

0000(8/29) 

B,H 


S28 E30 

'mm 

2010 

mscsm 


No burst recorded 


i4oo 

B,L,H 


S25 E20 

2 

1031 



1300 

1321 

5 900 

350 

1500 

B 


H25 W02 

3 

1257 

si 


1300 

1324 

120 

30 

1700 

B 



\mm 

1313 



1417 

1426 

1 350 

51 




N23 W30 


1412 



1821 

1825 

275 

47 




N20 E02 

3+ 

1815 

IB!H 

Sep. 21, 1957 


1337 

790 

19 

1700 

B 

1.5 x 10 6 

N10 WOo 

3 

1330 

1335 


°List of PCA observers: B = Bailey, L = Leinbach, IE = Hakura & Goh 











TABLE I.- COMPILATION OF OTTAWA (2800 Mc/sec) RF BURST PARAMETERS AND ASSOCIATED 
SOLAR AND TERRESTTAL PHENOMENA FOR THE PERIOD 1955 TO 1961 - Continued 










TABLE I.- COMPILATION OP OTTAWA (2800 Mo/sec) EF BURST PARAMETERS AND ASSOCIATED 
SOLAR AND TERRESTIAL PHENOMENA FOR THE PERIOD 1955 TO 1961 - Concluded 



^ist of PCA observers: B = Bailey; G = Gregory, VA = Van Allen; L = Lelribach; K = Karima; N = NASA; and D = Dvoryashan 






TABLE II.- LIST OP 20 OTTAWA (2800 Me/sec) RF BURST AND ASSOCIATED PHENOMENA 
WHICH CAN BE ASSOCIATED WITH WEBBER AND FORWARD SCATTER PARTICLE FLUXES >30 MeV 










TABLE III.- COMPILATION OF NAGOYA (3750 Mc/sec) RF BURSTS AND ASSOCIATED PHENOMENA 
WHICH CAN BE ASSOCIATED WITH WEBBER AND FORWARD SCATTER PARTICLE FLUXES >30 MeV 


Date 

RF burst, 

ur 

RF peak 
intensity, 
10 -22 W/m 2 -cps 

RF bin 

*st energy integrated above, 
10 -1 ®j/m 2 -cps 

Particle 
event size, 

Flare 

location 

Flare 

imp. 

Part- 
icle 
onset , 
UT 

Flare 


Start 

Max. 

Quiet sun 

10 percent peak 

20 percent peak 

P> 30 MeV 




Start 

Max. 

Feb. 23, 1956 

0334 

0336 

18 000 

670 

448 

262 

1.0 x 10 9 

N23 

W80 

3 

0400 

0331 


Mar. 10, 1956 

0447 

0518 

1 000 

154 

118 

88 

a l.l x 10 B 

Nl6 

E88 

2 

0900 

0515 


July 3, 1957 

0727 

0742 

337 

52 

32 

21 

2.0 X 10 7 

Nl4 

W40 

3+ 

1000 

0712 

0745 

0832 

0843 

763 

N10 

w42 

3+ 

0830 

0840 

July 7, 1958 

0027 

0028 

990 

250 

156 

102 

2 ^ v in 8 

N25 W08 



Of 0 


0102 

0111 

1 700 






Auk. 16, 1958 

0433 

0439 

5 800 


300 

160 

4.0 x 10 7 

Sl4 

W50 

3+ 

0600 

0433 

o44o 

Aug. 26, 1958 

0005 

0041 

5 050 

700 

550 

420 

1.1 X 10 8 

1120 

W54 

3 

0330 

0005 

0027 

Sep. 22, 1958 



Sunset 




6.0 x 10 6 

S19 

w42 

2 

1400 

0738 

0750 

May 10, 1959 

<2200 


Sunrise 




9.6 X 10 8 

Ill8 

e47 

E9 

1TB 


KBS 

July 10, 1959 

0200 

0224 

6 300 

690 

515 

378 

1.0 X 10 9 

H20 

E60 

mm 


HSS2-B 

■S3 

July 14, 1959 

0330 

0356 

6 000 

655 

400 

250 

1.3 X 10 9 

1117 

E04 

mm 



■±&1 

July 16, 1959 



Sunrise 




9.1 X 10° 

Nl6 

W31 

wm 




Apr. 5, I960 

0140 

0202 

6 000 

820 

510 

- 340 

1.1 X 10 6 

N12 

W63 





Apr. 28, i960 

0116 

0130' 

260 

28 

17 

12 

5.0 X 10 6 

S05 

E34 

B1 


KS9 

bsb 1 

Apr. 29, I960 

0139 

0140 

115 

67 

51 

38 

7.0 X 10 8 

ni4 

W21 

2+ 

0500 

0107 

0210 

0356 

0400 

365 

0400 

May 13, i960 

0517 

0532 

3 750 

635 

500 

386 

4.0 x 10 6 

N30 

W67 

3 

0730 

0519 

0532 

Sep. 3, I960 

0039 

! 0105 

12 000 

227 

160 

111 

3.5 X 10 7 

Nl8 

e88 

2+ 

0500 

0037 

0108 

Sep. 26, i960 

0525 

0539 

1 680 

148 

108 

85 

2.0 X 10 8 

S22 

W64 

1+ 

1328 

0525 

0537 

Nov. 15, I960 

0219 

0222 

11 600 

1170 

780 

510 

7.2 x 10 8 

N25 

VB5 

3 

0430 

0207 

0221 

Sep. 28, 1961 

2212 

2217 

1 690 

77 

48 

31 

6.0 x 10 8 

1113 

E29 

3 

2330 

2202 

2223 


Estimated from forward scatter. 



TABLE IV.- COMPILATION OF NAGOYA (3750 Mc/sec) RF BURST PARAMETERS AND ASSOCIATED 
SOLAR AND TERRESTIAL PHENOMENA FOR THE PERIOD 1956 TO 1$&L 



a LIet of PCA observers: B = Bailey; L = Leznbaeh ; K » Kiruna; and H a Hakura A Goh 

























TABLE IV.- COMPILATION OF NAGOYA (3750 Me /sec ) RF BURST PARAMETERS AND ASSOCIATED 
SOLAR AND TERRESTIAL PHENOMENA FOR THE PERIOD 1956 TO 1961 - Concluded 














TABLE V.- OPTICAL DATA ASSOCIATED WITH PARTICLE EVENTS OCCURRING DURING THE PERIOD 195$ TO 1961 


Date 


Plage 

area 

Plage 

'brightness 

Sunspot 
Zurich mag. 
type class. 

Sunspot 

Clustering 

of 

plages 

Flare 

size 

Flare 

location 

10 9 










1.0 x 10 9 

16 000 

3.5 

F,E Y 

173*t - lit 37 

Yes 

3 

N23 wao 


1.0 x 10 9 

n 000 

3.0 

H 

7 

1981 - lit 12 


3+ 

N20 E60 


1.3 x 10 9 

12 000 

3.0 

H 

Y 

1981 - lltl2 


3+ 

N17 E04 

Nov. 12, I960 

1.3 x 10 9 

8 000 

lt.0 

P 

b y 

1775 

No 

3+ 

N27 W04 

10 8 









Aug. 29, 1957 

1.2 x 10 8 

8 000 1 

3.5 

E 

Y 

77 It 

No 

3 

S31 E33 

Jan. 20, 1957 

2.0 x 10 B 

9 000 1 

3.0 

H 

Sp 

557 

No 

3 

S30 Wl8 

Mar. 23. 1958 

2.5 * 10 ti 

15 000 

3.5 

E 

h 

1539 - 1269 


3+ 

Sl4 E78 

July 7, 1958 

2.5 * 10 8 

6 200 

3.0 

E 

B P 

686 

Yes 

3+ 

N25 W08 

Aug. 26, 1958 

1.1 x io B 

9 000 

3.5 

E 

0 Y and Bp 

766 

Yes 

3 

, N20 W54 

May 10, 1959 

9.6 x 10 8 

19 000 

3.5 

E 


1552 - 9l>7 

Ho 

3+ 

Nl8 £47 

July 16, 1959 

9.1 x lo B 

12 000 

3.5 

H 

Y 

1981 - 1412 

No 

3+ 

ni6 W30 

July 18. 1961 

3.0 x 10° 

5 700 

3.5 

E 


lltOO 

No 

3+ 

SOT W59 

Nov. 15, I960 

7.2 x 10 8 

8 000 

3.5 

F 

B y 

1775 

Ho 

3 

N25 W35 

10 7 









Aug. 31, 1956 

2.5 x 10 7 

7 800 

lt.0 

E 

Y 

837 

No 

3 

N15 El6 

July 3, 1957 

2.0 x io 7 

7 000 

3.5 

H 

Y 

500 

No 

3+ 

' N10 W42 

Oct. 20, 1957 

5.0 x 10 7 

l>t 200 

3.5 

F 

B f 

2373 

No 

3+ 

S26 W35 

Aug. 16, 1958 

4.0 x 10 7 

10 000 

3.5 

G 

. fV 

i 935 

Yes 

3+ 

Sl4 W50 

Aug. 22, 1958 

7.0 x 10 7 

6 ItOO 

3.5 

E 

b y 

1192 

No 

3 

HI 8 W10 

Sep. 3, I960 

3.5 x 10 7 

10 000 

3.5 

■ _ 

600 

No 

2+ 

Nl8 E88 

Fell. 9, 1958 

1.1 x 10 7 

18 000 

lt.0 

D 

Bp 

808 - 587 

Yes 

2+ 

S12 Wl4 

Nov. 20, i960 

It . 5 x 10 7 

8 000 

3.5 

P 

B y 

1775 

No 

2 

N25 W90 

July 12, 1961 

4.0 * 10 7 

5 700 

3.5 

E 

b y 

lltOO 

Yes 

3 

S07 E23 

10 6 









Aug. 9, 1957 

1.5 x 10 6 

6 200 

3.5 

E 

Y 

1092 - 845 

No 

1 

S33 W77 

Sep. 21. 1957 

1.5 - W 6 

5 500 

lt.0 

E 

*Y 

491 

Yes 

3 

H10 W06 

Sep. 22, 1958 

6.0 x 10 6 

15 000 

3.5 

E 

Bp 

1087 

Yes 

2 

S19 W42 

Aug. 18. 1959 

1.8 X lo 6 

6 800 

3.5 

E 

Y and Sp 

1119 - 745 

Yes 

3+ 

N12 W33 

Apr. 1, I960 

5.0 X 10 6 

3 000 

3.0 

F 

By 

1650 

No 

3 

N12 Wll 


ro 



TABLE V.- OPTICAL DATA ASSOCIATED WITH PARTICLE EVENTS OCCURRING DURING THE PERIOD 1956 TO 1961 - Concluded 


Date 

Particle 

flux 

Plage 
J area 

Plage 

brightness 

Sunspot 
Zurich mag. 
type class. 

Sunspot 

area 

Clustering 

of 

Flare 

size 

Flare 

location 

io b 









Apr. 5. I960 

1.1 * 10 6 


3.0 

F y 

1650 

No 

2 

N12 W63 

Apr. 28. I960 

0 * 10* 

5 000 

3.0 


<500 

No 

3 

S05 E34 

Apr. 29, I960 

. 7.0 x 10 6 

4 000 

3.0 

H Y 

850 


2+ 

Nl4 W2l 

May 4, I960 

6.0 x 10 6 

4 500 

2.5 

a 

850 

No 

3 

N13 W90 

May 6, I960 

4.0 X 10 6 

3 900 

4.0 

B P 

<500 

No 

3+ 

S09 EOT 

May 13, I960 

4.0 x 10 6 

4 000 


F Y 

1800 

No 

3 

N29 W6? 

Aug. 26, i960 

2.0 x 10 6 

3 000 

3,0 


925 

No 

1+ 

S22 W64 

July 11, 1961 

3.0 x 10 6 

4 000 

4.0 

E & Y 

1400 


3 

. S07 E32 

July 20, 1961 

5.0 x 10 6 

5 600 

3.5 

E B y 

1400 


3 

S07 W90 

Sep. 28, 1961 

6.0 x 10 6 

3 600 

3.0 

6 f 

<500 


3 

N13 E29 

10 5 









June 13, 1959 

8.5 x lO 1 * 

9 000 

3.5 

Y 

nil - 856 

Yes 

1 

NIT E58 

Jan. 11, i960 

4.0 x 10^ 

3 500 

2.5 

H a p 

575 

No 

3 

' N22 E03 

June 1, i960 

4.0 x 10 5 

8 000 

3.5 

B P 

<500 

No 

3+ 

N29 E46 

Aug. 11, i960 

6.0 X 10 5 

13 000 

3.5 

j e a 

1100 

No 

2+ 

N22 E26 



TABLE VI.- OPTICAL AND RF PARAMETERS USED IN THE COMBINED FALSE ALARM STUDY FOR 


3750 Me /sec RF BURSTS 


Date 

Plage 

area 

Plage 

brightness 

Sunspot 

area 

Flare 

size 

Flare 

location 

RF burst 
energy, 
10 _ ^W/:n“-cps 

Predicted 
event size 
RF criteria 

Predicted 
event size 
span criteria 

Actual 

event 

size 

Feb. 14, 1956 

a 8 000 

3.0 

1563 

2+ 

N21 E32 

66 

10 7 

10 7 


Feb. 23. 1956 

tt l6 000 

3.5 

1734 - 11)37 

3 

N23 W80 

448 

10 9 

10 9 

1.0 x 10 9 

Mar. 8, 1956 

1 No flare patrol 

5 

10 5 

* 


Mar. 10. 1956 

6 000 

3.0 

- 

2 

Nl6 E88 

118 

10* 

10 5 

No estimate 

Mar. 17, 1956 

No logicall flare association 

9 

10* 

No event 



No lop 

icall flare association 

9 

10* 

No event 



a 8 000 

3.0 

1866 - lhOT 

1 

S15 W75 

11 

10* 

* 10* 



5 400 

3.5 

11*98 - 977 

1 

N12 E15 

8 

10* 

No event 



5 500 

4.0 

2089 - 1351 

1+ 

Hl6 E59 

26 

10 f 

10 5 




No loa 

ical flare association 

6 

10* 

No event 



4 500 

3-5 

734 - 240 

2 

Sl6 W4o 

25 

10 7 

10 6 


BS SB 

7 000 

3.5 

606 - 537 

3+ 

N14 W40 

32 

10 7 

10 7 

2.0 x 10 7 


5 000 

_ 3.5 

775 - 629 

1 

N26 W71 

10 

10* 

— ^ — 



No lop 

ical flare association 

6 

10* 

No event 



17 000 

3.0 

74,0 - 348 

2 

N27 W6l 

7 

TO 6 

No event 



17 000 

3.5 

1 : b 

1+ 

N15 W88 

12 

10* 

10* 



8 000 

4.0 

664 

3 

H13 W02 

27 

10 7 

‘io 7 



°8 000 

lt.0 

2122 

3 

H23 E02 

12 

.10 6 

10 6 


E5R5SB5J1 

21 000 

4.0 

2480 - 2074 

1+ 

S27 W77 

10 

10* 



Nov. 22, 1957 

7 000 

4.0 

706 - 381 

2 

N23 W26 

8 

10* 

No event 


Dec. 13, 1957 

7 000 

4.0 

1434 - 939 . 

1 

N15 E90 

66 

£r- 10^ 

10 5 


Dec. 26. 1957 

No logical flare association. 

16 

10* 

Ho event 


Feb. 12. 1958 

Not available 

1+ 

S13 W56 

8 

— 

No event 



°3 500 

2.5 

646 - 460 

2 

Sl8 W6l 

9 

10* 




No log 

ical flare associate 

jn 

74 

10 7 

No event 



°6 000 

3.0 

1992 - 1325 

1+ 

S24 W34 

6 

10 6 

No event 


ES52K^^ st l 

10 000 

3.0 

2060 - 1332 

3 

Sl8 W29 

10 

10* 




a 6 200 

3.0 

686 

3* 

N25 W08 

156 

io 8 

10 8 

2.5 x 10 8 


20 000 

3.0 

682 - 364 

3 

Sl4 W44 

15 

10* 


No estimate 


a 10 000 

3.5 

1150 - 876 

3+ 

SI 4 W50 

300 

10 9 

IO 8 

4.0 x 10 7 

WWW^MT7J1 

3 600 

lt.0 

1463 - 1072 

2 

N20 E50 

7 

10* 

No event 



6 500 

3.5 

1463 - 1072 

2+ 

ni6 ei8 

15 

10* 

10 5 



Complex grouping of plage regions; area given is for plage region associated with event. 









TABLE VI.- OPTICAL AMD RF PARAMETERS USED III THE COMBINED FALSE ALARM 
STUDY FOR 3750 Me /sec RF BURSTS - Concluded 


Date 

Plage 

area 

Plage 

brightness 

Sunspot 

area 

Flare 

size 

Flare 

location 

RF burst 
energy 

10 - ^W/m^-cns 

Predicted 
event size 
RF criteria 

Predicted 
event size 
span criteria 

Actual 

event 

size 


I960 

3 300 

3.0 

1650 

2 



510 

10 9 

10 b 

1.1 x 10 b 

ll&n 

01 

5 000 

3.0 

<500 

3 



17 

10 6 

... - *?_ 

5.0 x 10 6 


rSI 

4 000 

3.0 

850 

2* 



51 

10 7 

10 7 

7.0 x 10 6 



It 000 

3.0 

1800 

3 

BBS 


500 

10 9 

10 7 

4.0 x 10* 


EtBl 

6 000 

3.0 

l 

2 

B?ff% 

IBM 

5 

10> 

No event 


June 27. 

i960 

6 000 

3.0 

1 _ 

3 

IS 


7 

10 6 

No event 


June 27, 

i960 

3 700 

3.0 

1 _ 

1+ 

BB!I 

ESI 

7 

10 6 

No event 



PS! 

2 200 

3.0 

_ 

1 

N20 

W50 

23 

10 7 

10 5 




6 500 

3.5 

1100 

1 

N19 

E84 

17 

10 6 

10 5 




13 000 

3.5 

1100 

2 

1121 

E35 

11 

10 b 

10 5 


ehgi 

besi 

11 000 

3.5 

1100 

2+ 

N22 

W06 

i4 

10 6 

10 6 . 


Sep. 3, 

i960 

10 000 

3.5 

800 

2+ 

Nl8 

E88 

160 

10° 

10 Y 

3.5 x 10'^ 

Sep. 4. 

i960 

Data not available 

. 1- 

N17 

H90 

8 

10 6 - 

No event 


Sep. 19, 

i960 

6 000 

3.0 

_ 

2 

Sl8 

E76 

7 

10 fa 

No event 


Sep. 26. 

i960 

5 600 

3.0 

925 

1+ 

S22 

w64 

108 

10* 

10 6 

2.0 x 10 6 

Oct._ 10. 

i960 

4 400 

3.0 


1+ 

S17 

W23 

13 


10 6 


Oct. 11. 

I960 

4 000 

3.0 

<500 

2 

S17 

W36 

51 

10 7 

5= 

No estimate 


Wl 

9 100 

3.5 

1775 

2 

N28 

E12 

237 

10 B 

10 5 

No estimate 



8 000 

3.5 

1775 

2+ 

N27 

W20 

663 

10 9 

10 7 

No estimate 



8 000 

3.5 

1775 

3 

N25 

W35 

780 

10 9 

10 9 

7.2 x 10° 


WS1 

5 600 

3.5 

1400 

2 

S07 

W!i5 

30 

10 7 

10 6 




4 000 

3.5 

725 

2 

N12 

W38 

9 

10 6 

No event 



reSi 

a 6 800 

3.0 

950 

1+ 

S15 

Ull 

3 

10 5 

No event 



23 

3 600 

3.0 

<500 

3 

N13 

E29 

46 

10 7 

10 6 

6.0 x 10 6 


a Complex grouping of plage regions, area given is for plage region associated with event. 















TABLE VII.- OPTICAL AMD RF PARAMETERS USED IN THE COMBINED FALSE ALARM STUDY FOR 












TABLE VII.- OPTICAL AND RF PARAMETERS USED IN THE COMBINED FALSE ALARM STUDY FOR 
2800 Mo /sec RF BURSTS - Concluded 


Date 

Plage 

Plage 

brightness 

Sunspot 

Flare 

imp. 

Flare 

location 

RF burst 
energy, 
lO^^W/m^-cps 

Predicted 
event size 
RF criteria 

Predicted 
event size 
span criteria 

Actual 

event 

size 



2 500 

3.5 

_ 

3 

N 21 

E 06 

46 

10 7 

10 5 




2 500 

3.5 

_ 

3 

N 22 

W27 

17 

10 * 

10 * 




13 000 

3.5 

1100 

2 + 


WSM 

26 

10 6 

10 5 




3 500 

4.0 

925 

1 

S22 

E6T 

185 

10 fl 

10 5 




3 500 

3.0 

1225 

1+ 

N22 

E90 

22 

10 b 

10 5 



BH£i 

5 800 


_ 

3 

H13 

EOT 

20 

10 6 

10 b 




8 000 

4.0 

1775 

3+ 


E9 

606 

10 9 

10 9 




1 500 

3 . 5 ... 


3+ 



23 

10 6 

ID 6 




4 000 

4.0 . 

1400 

3 

SOT 

E32 

138 

10 7 

10 7 




a 5 700 

3.5 

1400 

3 

S07 

E23 

88 

10 7 

10 7 



Mi 

®5 700 

3.5 

1400 

2 

SOT 

W20 

36 

10* 

"" 10* 



SI 

5 600 

3.5 

1400 

3 



94 

10 7 

10 7 




6 000 

3.5 

1350 

1 1 



. 95 

10 7 

— ^ . 


Sep. 28, 

1961 

3 600 

3.0 

<500 

3 



36 

S7 

10 6 


Nov. 10, 

1961 

2 200 

3.0 

- 

1+ 


mi 

6 

Ho event 

No event 



Complex grouping of plage regions, area given is for plage region associated with event. 




INTEGRATED SPECTRAL INTENSITY AT 10 000 Mc/sec (joules/m -cps) 


INTEGRATED INTENSITY OF PARTICLES ABOVE 10 MeV (particle s/cm^) 


Figure 1.- Integrated radio emission at 10’ 000 Me/sec versus 
integrated intensity of solar particles above 10 MeV at the 
earth for various events. 



CORRELATION COEFFICIENT 



BF E'EUGT ABOVE SUEST SUN 
( 10 - ^®j/m®~eps) 


Nov. 12, '60 
May 10, '59 
Jul. 1 6, *59 


Aug. 22 , '58 
Oct. 20 , «57 
Jul. 12, *6l 


May 1 60 
Sept. 28, >6l 
Jul. 20, *6l 
May 6, '60 
Jul. 11, *6l 


Sept. 21, '■ 57 
Aug. 9, '57 


Aug. 11, '60 
Jan. 11, '60 


Figure 2.- Webber 1 s integrated particle fluxes >30 MeV correlated 
with 2800 Mc/sec RF burst energies above quiet sun level. 





RADIO FLUX IfflHSm 



X430 1530 l£>30 


TIME (UT) 

Figure b.- Ottawa burst showing base lines for constant flux 

(50 X 10“ 22 W/m 2 -cps), 0.1 and 0.2 times peak intensity above which 
RF burst energies were determined for correlations. 



CORRELATION COEFFICIENT 



RF ENERGY ABOVE CONSTANT FLUX LEVEL 
(I0" l8 j/m 2 -eps) 


Figure 5 .- Webber's integrated particle fluxes >30 MeV correlated 
with 2800 Mc/sec RF burst energies above a constant flux level 
of 50 X 10" 22 w/m 2 -cps. 




(10 1 ^j/m 2 -cps) 


Figure 6.- Webber’s integrated particle fluxes >30 MeV 
correlated vith 2800 Mc/sec RF burst energies above 
a baseline of 10 percent of burst's peak flux intensity- 




Nov. 12, I960 
May 10, 1959 
Jul. l6, 1959 


Aug. 22, 1958 
Oct. 20, 1957 
Jul. 12, 1961 


May 4, i960 
Sep. 28, 1961 
Jul. 20, 1961 
May 6, i960 
Jul. 11, 1961 


Sep. 21, 1957 
Aug- 9, 1957 


Aug. 11, i960 
Jan. 11, i960 


RF ENERGY ABOVE 20 PERCENT OP PEAK FLUX 
(10 ' L ®j/m 2 -cps) 


Figure 7-- Webber’s integrated particle fluxes >50 MeV correlated 
with 2800 Me/ sec RF burst energies above a baseline o£ 20 percent 
of burst's peak flux intensity. 

























0 Number of particle events with onset times three or more hours 
•after optical flare maximum versus flare longitude. 



Figure 16.- Longitudinal distribution of PCA flares catergorized according 
to particle transit time. (<3 hours and >3 hours 1 









Figure 18.- Webber's integrated particle fluxes >30 MeV 
correlated with 2800 Mc/sec RF burst energies above a 
baseline of 10 percent of burst's peak flux intensity. 
The line drawn is an envelope curve and oarallel to the 
least square fit used m figure 6. 





